. Effect of increase in total initial concentration ( C O ) on monomer, dimer and total species concentrations ( c I . c 2 # and Ec,) of an isodesmical1.v associating system at sedimentation equilibrium System: M , = 5 x los; 6, = 0.63ml/g; p = I.Og/ml; T = 25OC; a = 6.8cm; b = 7.1 cm; speed = 3000rev/min; k = 1.5 (units of C-l). (-) and monodisperse but non-ideal system (----) Speed = I967 rev./min, C" = 2.47 fringes. Experimental values M: = 3.6 x lo6; M! = 4.9 x lo6; M: = 6.4 x lob. Simulation takes M (mode) = 3.9 x lo6, u (logM)=0.29 and gives M: = 3.1 x lo6, M", 4.9 x lo6, M: = 7.4 x lo6. For the non-ideal case M = 4.9 x lo6 and B = 4 x lO-'mI mol/g2. molecular weight. Combination of heterogeneity and nonideality functions has proved a very recalcitrant problem (Williams, 1972) .
Although no easy solution to this problem emerges, the values of M and u (log M), always regarded as underestimates, do have comparative value. There is, however, an alternative representation of the heterogeneity: in terms of an isodesmic association (Kim et al., 1977) . Although the concentrationdependence of s or M for these materials does not immediately indicate such an association, the extreme curvature near the base in sedimentation equilibrium (Creeth & Knight, 1968) , together with the absence of a plateau in sedimentation velocity (Creeth & Knight, 1967) , are suggestive features, and make the possibility worth examining. A striking property of isodesmic association in the ultracentrifuge (in certain concentration ranges) is that, as the total concentration rises, the distribution of monomer and low polymers may be little affected, whereas the concentration of the higher polymers, detectable only near the cell-base, is greatly increased ( effort has therefore been devoted to quantifying the energies of these interactions with the hope that in time it will be possible to Important aspects of the behaviour of proteins including relate them to features of the amino acid composition of the conco-operativity, allostery and structural stability reflect the tact interfaces. It has, however, turned out to be exceedingly 590th MEETING, SHEFFIELD difficult to make measurements of the necessary precision, owing partly to instrumental limitations, partly to difficulties arising from the substances themselves. Occasionally even the stoicheiometry and scope of the reactions involved can remain in doubt. In such circumstances, recourse is needed to a wide range of methods, the results of which must be consistent for acceptance. Two methods that have been used extensively since the inception of such studies are equilibrium ultracentrifugation and velocity ultracentrifugation. Their application has been reviewed by Adams ( It will be noticed from these reviews that equilibrium ultracentrifugation has been the more favoured of the two methods, particularly because it provides a firm thermodynamic basis from which to interpret results. Very pertinent, however, is the remark by Van Holde (1975), who says concerning this method 'Unfortunately, it is much more difficult than it sounds to obtain a unique set of parameters and show that it is unique'. Contributing to this difficulty is the relative lack of resolution of the equilibrium method, as has been demonstrated numerically by Aune (1978).
On the other hand velocity ultracentrifugation suffers from the disadvantages that attach to non-equilibrium transport methods, but to balance these it has greater resolving power. In one respect too it is a true equilibrium method since, as shown by Goldberg (1953) , the movement of the equivalent sharp boundary (Longsworth, 1943) between plateau region and solvent depends only upon the properties of the molecules within the plateau region, and is completely independent of reequilibration reactions occurring within the boundary. Even so, current interest is in the actual shape of the boundary, and in finding out how to extract the information that it carries about the mass and reactions of the molecular species present.
Algebraic analysis of the exact shape of a boundary in a sector-shaped cell, taking into account time, composition and other parameters, is so difficult that it has been almost entirely At least three papers have compared computer-simulated schlieren patterns with experimental patterns. Our own (Gilbert & Gilbert, 1973) Imitating a schlieren pattern faithfully is not, of course, a guarantee that the parameters used are valid, but failure certainly casts doubt on them. It may well be that discrim- ination between alternatives thrown up by other methods will be one of the principal uses of the technique. Our own experience with P-lactoglobulin A emphasized the need for fast interactive computing that we lacked at that time. Without it the different parameters cannot be adjusted iteratively in a reasonable time.
In addition, the final comparison between calculated and experimental schlieren patterns requires a fast accurate plotter and a projection system for superimposing plot and photographic image. An essential intermediate step is interactive comparison of measured schlieren pattern with computed pattern both numerically and visually on a visual-display-unit screen. A thorough test of the validity of simulation procedures must include the analysis of simple systems as well as interacting systems. For this purpose we have analysed data in the form of schlieren plates kindly provided by Dr. K. A. Cammack and Dr. D. S. Miller for the clinically important enzyme Erwinia carotouora L-asparaginase (EC 3.5.1 .I), which they have already thoroughly characterised (Cammack et af., 1972) . In Fig. 1 we show a simulated schlieren pattern superimposed on a photographic projection of an experimental pattern. The simulation was carried out by using the program given by Cox (1 978) modified to keep the co-ordinate system centred on the moving boundary. The close correspondence between the two patterns has been achieved by using in the program a diffusion coefficient (assumed independent of concentration) appropriate to a mol.wt. of 140000. This value lies within the range of values (13400&144000) found by Marlborough et al. (1975) .
Brief summary of simulation procedure
(1) The parameters g, s, fi and p (see the legend to Fig. 1) are determined in advance.
(2) From a given run, select two schlieren patterns, one at time t,, just clear of the meniscus, the other at time I, still clear of the cell bottom, and measure their co-ordinates with a projection microcomparator. Measure the solvent base-line for corresponding times.
(3) Subtract base-line from schlieren by computer, allowing for any difference in meniscus position, to give corrected Vol. 8 ordinates Y versus radial distances r. Smooth Y by using orthogonal polynomials and integrate to obtain area. Equate total area to plateau concentration to give the scaling factor for converting area into concentration w for each value of r. Enter these values of w, r for time t, and the parameters in (1) above into the program given by Cox (1978) . ( 
Conclusion
Besides its use for assessing interaction in protein systems, interactive computer simulation would seem to be a useful accessory for interpreting any centrifuge experiment. It can provide the norm, departures from which imply interaction or some unusual behaviour. It may be noted that the greatest limitation to interpreting past experiments is the absence of appropriate base-lines, and it is to be hoped that in future base-lines will be obtained by re-runs at exactly equivalent times with solvent only and without disassembling the cell.
Germany
Solution studies of membranes and their different components have been hampered by problems of homogeneity, of obtaining accurate partial-specific-volume determinations and by the dynamic molecular behaviour of lipid molecules. Recently, purified membrane proteins have been studied in detergents to give specific structural information about the protein in a solvating micellar shell. Many phospholipids, on the other hand, spontaneously form bilayers that have a wide variety of different dimensions and physical properties, making them, as such, quite unsuitable for direct investigation.
In an effort to use ultracentrifugation and other solution techniques to gain an insight into the molecular properties of phospholipid bilayers, a basic feature of natural membranes, the phospholipid dimyristoly phosphatidylcholine was chosen for study (Watts et al., 1978) . Bilayers of this lipid in aqueous solution undergo an ordered-to-disordered phase transition at the readily accessible temperature of 23OC. On ultrasonic radiation above this temperature, small single bilayered vesicles are formed, and these by chromatography are shown to possess a high degree of homogeneity. Molecular-weight determinations from sedimentation and diffusion experiments at 5 OC intervals from 10 to 3OoC show that the vesicles have a molecular weight of 1.93 (kO.10) x lo6, corresponding to 2850k 140 molecules per vesicle. Partial specific volumes were measured by determining the vesicle iso-density point through interpolation, when sedimented in H,O/'H,O-buffered solutions. The bilayer phase transition is then shown by a change in bilayer density.
Electron-microscopic evidence showed that the vesicles are spherical, which was also confirmed by solution studies from calculation of the 8-function and by using additional measured viscosity data. Assuming vesicle sphericity then allows information about the bilayer hydration to be obtained by using standard analyses. The degree of hydration was found to increase markedly on lipid-chain 'melting'. The vesicle dimensions were then obtained by assuming a three-compartment model for the vesicle, comprising the lipid bilayer itself, the occluded vesicle volume and the hydration layer on the vesicle surface. It was found that, concomitant with acyl-chain 'melting' at 23OC, the vesicle trapped volume was measured to increase 6-fold, the vesicle outer radius was calculated to increase from
